Small community businesses bear the brunt of climate change impacts. Studies of the vulnerability and resilience of such businesses predominantly focus on firm-level characteristics and organizational issues. This paper addresses the lack of individual-level considerations. It explores an analytical approach that draws upon the concepts of social capital and sense of place for understanding community businesses' resilience to extreme weather. An empirical study was conducted to investigate whether and how the attributes of these concepts are related to adaptation practice. This study is based on a structured questionnaire survey of community businesses at various locations around the Pearl River Estuary that are exposed to storm surges. The findings partially support the hypothesis that action is more likely to be taken when social capital is strong. Community businesses are more likely to adopt adaptation strategies when their owners or operators perceive a higher level of social expectation, but are less likely to do so when they have better relationships with the people around them. This study indicated the potential for moral hazard driven by good social relationships and supported the understanding of small community businesses as firms and social agents in responding to climate change impacts. There is a need for recognizing the social dimensions of small businesses' rationality in their adaptation and hazard adjustment, and strengthening their engagement with community-based adaptation through social institutions.
Introduction
Over the past three decades, the total economic damage due to flooding and storms worldwide has risen from US$25 billion in 1987 to US$102 billion in 2016 (International Disaster Database 2018) . A significant part of the recorded damage stems from population growth and rapid urbanization in fast-growing regions in East Asia (World Bank 2010) . The Pearl River Delta is one of these regions.
The Pearl River flows into the South China Sea and is one of the most densely developed regions in the world. Low-lying areas surrounding the Pearl River Estuary are likely to experience storm surges and inundation more often than before (Chan et al. 2012 (Chan et al. , 2018 Huang et al. 2004 ). Some of these areas are regional economic centers, where human settlements, infrastructure, and production activities are highly concentrated, thus making them vulnerable to natural perils. Hong Kong and Macao (or Macau) , for example, were devastated by Super Typhoon Hato in 2017, costing the former a total of US$755 million and the latter US$1420 million (The International Disaster Database 2018). Many affected businesses shut down for weeks or even months, and the most affected businesses never came back. The storm exposed the lack of resilience on the part of these advanced economies.
Resilience requires creating robustness to uncertainty and maintaining flexibility for responding to change (Nelson et al. 2007 ). The imperative of enhancing business resilience to extreme weather has recently been given a new momentum. Prior to 2014, business and the economy were not featured in the Intergovernmental Panel on Climate Change's (IPCC) Assessment Reports. The Working Group II of the Fifth Assessment Report was the first one to create a chapter specifically on "Key Economic Sectors and Services" (Arent et al. 2014, p.664) . Governments and industries are calling for research and action (Defra 2012; Productivity Commission 2012; Reynolds 2013) , thus attracting increasing scholarly interests to studying how businesses respond to abrupt changes in the climate. Many existing studies focus on the larger firms, such as utilities and property developers (Berkhout et al. 2006; Linnenluecke et al. 2011 Linnenluecke et al. , 2013 .
Nonetheless, micro-and small enterprises bear the brunt of climate change impacts. They stand at the margins of the climate-challenged economy, because of their greater resource constraints and poorer capacities for coping with extreme weather events and planning ahead. Researchers have ascertained how they recover from previous natural perils and prepare themselves for next ones (Howe 2011; Marks and Thomalla 2017; Valdivia and Poulos 2009; Valdivia et al. 2010; Yoshida and Deyle 2005) . However, as Marshall et al. (2015) and Graveline and Gremont (2017) have suggested, existing studies predominantly focus on the characteristics of businesses themselves and pay little attention to those of their decision makers. The present study addresses the lack of individual-level considerations in understanding community businesses' resilience to extreme weather.
Our objective is to investigate a set of social determinants of community businesses' resilience. Drawing upon the concepts of social capital and sense of place, this approach has been proven to be useful for explaining individual responses to extreme weather and climate change (Petzold 2017; Waters and Adger 2017) . The study investigates whether and how the attributes of these concepts are related to the adaptation practice of community businesses. An underlying assumption is that these enterprises are very small in size and are typically operated by a handful of individuals who are closely integrated into the neighborhood. The operators of these locally established and sometimes family-based businesses not only play the role of business decision makers but also engage in the community as social agents who are subjected to processes of social interaction and the negotiation of a collective identity and values.
Evidence is sought from a survey of more than 200 community businesses. The study areas are hazard-prone locations in Hong Kong and Macao that were paralyzed by disruptive typhoons and high floods in the past 10 years. The findings can help ascertain the range of determinants of community businesses' resilience in order to identify new ways for reducing their vulnerability to climate change. The remainder of this paper begins with a review, which indicates the limitations of current research. The next section introduces the study areas and design, followed by a description and discussion of key results.
Small business vulnerability and resilience

Firm and individual considerations
Community business is a trading organization that is run by members of the local community and aims to provide services and benefits to the local community (McArthur 1993) . The smaller ones are often ill prepared for the immediate and lasting economic damage created by extreme weather (Yoshida and Deyle 2005; Reynolds 2013 ). They have relatively lower profits and smaller cash reserves, are less likely to have backup resources at alternative facilities or branch locations, are more likely to be located in non-engineered buildings, are more likely to depend on neighborhood customers, and lack the capacity to design and implement hazard management programs (Zhang et al. 2009 ). Consequently, small community businesses are more susceptible to prolonged closures, mechanical breakdowns, the absence of employees, the interruptions of lifeline services and supplies, telecommunications failures, property damage, and rising insurance costs as a result of major extreme weather events (Howe 2011; Reynolds 2013; Rose 2007) . They are more vulnerable to extreme weather than larger businesses.
There are various strategies for reducing business vulnerability. Examples include purchasing insurance, developing a business continuity plan, taking action to disaster-proof business facilities, reviewing personnel arrangements, diversifying supplies and customer base, obtaining and sharing disaster-related information, and relocation (Crichton 2006; Howe 2011; Josephson et al. 2017; Torres et al. 2019; Yoshida and Deyle 2005; Zhang et al. 2009 ). Attempts have been made to ascertain what drives these actions. Yoshida and Deyle (2005) and Howe (2011), for example, surveyed community businesses in Florida that are exposed to hurricane risks and identified determinants of their adaptation practices. Their analyses included a suite of firm characteristics, such as business location and age, but did not account for the socioeconomic characteristics of small business owners and their collective experiences as members of the neighborhood.
According to Graveline and Gremont (2017) , the lack of individual-level considerations is problematic. They argue that:
Omitting that resilience is not only sector dependent but rather depend on individual characteristics that reflect the organization of the firm and affect its ability to recover from a shock leads to frequent misinterpretations (Graveline and Gremont 2017, p. 527) . Graveline and Gremont (2017) develop a model for understanding the economic resilience and vulnerability of micro-businesses to natural disasters in the French West Indies, which recognizes the importance of the intrinsic socioeconomic characteristics and the abilities of individual business owners or operators, such as age and level of education. In a similar vein, Marshall et al. (2015) stress that small business resilience to natural disasters is a function of both business and family characteristics. Their regression models for predicting business demise following Hurricane Katrina included personal characteristics such as marital status, education level, and ethnicity. The rationale behind this inclusion was that households and businesses could exchange resources such as labor and finances, meaning that business vulnerability also depends on household resources, constraints, and processes.
These perspectives resonate to the "Sustainable Family Business Model" (Danes et al. 2008; Stafford et al. 1999) . This model integrates family and business systems in the analysis. It defines the sustainability of the family business as a function of the family and business achievements and the transactions between the family and the business. Stafford et al. (1999) consider the two systems as interacting purposive social systems that come together in response to disruptions that threaten the sustainability of the family business. Their model emphasizes that "both business success and family functionality are important in judging the sustainability or viability of family businesses" (Stafford et al. 1999, p. 206) .
A key insight drawn from the Sustainable Family Business Model is that small and microenterprises are socially embedded. Since these enterprises rely heavily on a very small team of people (as owners or operators) for human capital and network resources, they respond to the same social dynamics as do these individuals. Their roles as social agents and the social drivers of action are often overlooked in previous studies of small business vulnerability and resilience, including Marshall et al. (2015) and Graveline and Gremont (2017) . As described below, only a handful of these studies have engaged with, for example, elements of social capital and sense of place, which are key determinants of vulnerability and resilience to climate change (Adger 2000 (Adger , 2003 Adger et al. 2011 Adger et al. , 2013 Pelling and High 2005; Petzold 2017 ). Biggs et al. (2012) introduced the concept of social capital to the analysis of business resilience to environmental change. Small enterprises in the coral reef industry in Phuket, Thailand, were presented a scenario of systemic shocks, and those informal businesses with more support from family, friends, and their community stated higher levels of resilience (Biggs et al. 2012) . Parsons et al. (2018, p. 1) have shown that, in Samoa, tourism operators do not respond as a group of isolated individuals but form "a part of a wider social network, which influences how a business can or cannot adapt to climate variability and change and hazards". Marshall et al. (2012 Marshall et al. ( , 2013 surveyed peanut producers and commercial fishers in Australia and found that their attachment to place is associated with different dimensions of adaptive capacity.
Social dimensions
These studies are influenced by the work of Adger and others, who put strong emphasis on the role of social capital in adaptation to environmental change (Adger 2000 (Adger , 2003 Adger et al. 2011 Adger et al. , 2013 Pelling and High 2005) . Social capital is generated and accumulated in the processes of social interaction and engagement with social networks and formal and informal institutions. The concept has four dimensions, namely, (1) the relations of trust; (2) reciprocity and exchanges, (3) common rules, norms, and sanctions; and (4) connectedness, networks, and groups (Pretty and Ward 2001, p. 211). Adger (2003, p. 389 ) has described the concept in similar terms, encompassing the relations of trust, reciprocity and exchange, the evolution of common rules, and networks.
Social capital contributes to adaptation in several ways. Trust and reciprocity can reduce transaction costs and encourage cooperative behaviors. Common rules, norms, and sanctions render other people's actions predictable, reduce uncertainties in the outcomes of a particular action, and give individuals the confidence to invest in related activities. Connections and networks bring people together, thus enhancing interpersonal relationships and influences on each other. The structure and quality of social relations select what impending changes to act upon and determine the type and range of options for coping with these changes. For example, Frank et al. (2011) suggest that the ways in which Mexican farmers understand and respond to climate-related threats to their well-beings and livelihoods are shaped by their perception of themselves in relation to others in the community. However, social capital may also create frustrating outcomes (Pelling 2011) . Petzold (2017) has reported a case where the sense of collective self-efficacy among residents of remote British islands exposed to storm surges is reinforced by strong bonding social capital and has led to skepticism and resistance to adaptation measures initiated by external parties. The role of social capital on community resilience to environmental shocks varies across context. Petzold (2017) also suggests that a related concept, i.e., sense of place, can influence adaptation decisions. Attachment to place is one component of this concept, which describes the level of connection people have with their physical community (Twigger-Ross and Uzzell 1996) . A strong attachment to place can motivate individuals to identify ways for protecting the place and the people living in it from damage or deterioration. It is found to be increasing with people's skills and interests in building the adaptive capacity ). However, attachment to place could act as a barrier to transformational adaptation that threatens to disrupt people's established routines and preferred lifestyles (Kates et al. 2012; Marshall et al. 2012) . It might result in the reluctance to leave behind the places that sustain them and their cultures, consequently perpetuating their vulnerability (Adger et al. 2011 (Adger et al. , 2013 .
While there has been some evidence on the role of social capital and the sense of place in individual, household, and community adaptation and resilience to environmental change, fewer attempts focus on small businesses. Biggs et al. (2012) , Marshall et al. (2012 Marshall et al. ( , 2013 , Parsons et al. (2018) , and Torres et al. (2019) are among these small number of small-business research, but the findings presented are either inconclusive or inconsistent. Biggs et al. (2012) measured social capital in terms of the strength of social support without capturing other key dimensions such as trust, norms, and connectedness. Additionally, their earlier study did not report any relationship between social capital and business resilience (Biggs 2011) . Marshall et al. (2012 Marshall et al. ( , 2013 included the attachment to place in their analysis, but not other components related to the sense of place (described below), and found it to be associated with only one or two dimensions of adaptive capacity (out of four). In Torres et al.'s (2019) study, social capital is understood as substantive support (i.e., whether business owner received help from others) and thus largely limited to the "exchange" dimension. Parsons et al.'s (2018) study is limited to a dozen of business operators.
The brief review of literature shows that existing studies of small business vulnerability and resilience predominantly focus on firm-level characteristics and organizational issues, and those that take individual-level attributes into consideration rarely account for the social embeddedness of individuals. Few studies recognize the social drivers of small businesses' adaptation practice, and there are limitations to the scope of research. These issues warrant a more comprehensive and systematic inquiry.
Methods
Hypothesized relationships
The main empirical question guiding this inquiry is, "What is the relationship between the adaptation practice of small businesses, and social capital and sense of place?" We hypothesized five positive relationships in which action is more likely to be taken when:
& The size of community networks is larger (H 1 ); & The level of social expectation is higher (H 2 ); & The quality of social relationships is better (H 3 ); & The level of trust is higher (H 4 ); & The sense of place is stronger (H 5 ).
Explanations for using specific parameters are provided below.
Research instrument
A structured questionnaire was designed to solicit four sets of information. The first set of information is the number of activities or strategies that the respondent had taken to prepare for an extreme weather event, such as storm surge and flooding. Survey items were developed on the basis of Agrawal and Perrin's (2009) framework, which classifies coping and adaptation strategies into four analytical types: mobility, storage, diversification, and communal pooling. For the present study, we turned "storage" into "risk transfer" to recognize other widely adopted strategies that spread risks over time, such as purchasing insurance. Another way for transferring risk over time is to secure back-up resources in advance, a form of selfinsurance that requires present investments to reduce damage in foreseeable future. The functions and examples of the four types of actions are displayed in Table 1 . Each of them was elicited by four questions that probed whether the respondent had performed a particular action for their business. The exact wording of these survey questions and response options can be found in the Appendix and various tables in Section 5.
The second group of survey items pertains to social capital and sense of place. Putnam (1995), p. 664-665) defines social capital as an enabler of collective action: "features of social lifenetworks, norms and trustthat enable participants to act together more effectively to pursue shared objectives." Ten specific survey items were constructed broadly in these terms, Diversifying productive assets or income streams Adapted from Agrawal and Perrin (2009) thus encompassing aspects of networks, norms, and relations of trust. Nine of them were divided into three groups measuring the strength of social-normative effects on the respondent, the quality of social relationships, and the level of trust in institutions, respectively. The remaining item measured the size of social networks in the community, which was operationalized as the number of local residents that the respondent could name. Sense of place was originally measured by twelve items. Following Jorgensen and Stedman (2006) , we divided the concept into three dimensions, namely, place identity, place attachment, and place dependence, which represent the cognitive, affective, and behavioral relationships with a place, respectively. Each dimension was measured by four questions, but the place attachment items were later removed from analysis, as explained in Section 5.4. Several items were included to control for confounding factors. Three of them concerned business characteristics. We accounted for business type because relatively more capital-intensive businesses, such as restaurants, bakeries, and repair and maintenance stores, have more or larger mechanical or electrical equipment on site and are therefore more likely to suffer from functional breakdowns and incur greater physical damage than others in the event of an inundation. Vulnerability also depends on the proportion of goods and inventories that cannot be removed from the hazard area; this proportion is termed "capital mobility." Business size was included as a proxy for general capacity to cope with natural hazards. To account for the intensity of actual impacts, one additional item sought a self-assessment of the level of economic damage from the last extreme weather event (i.e., flooding and storm surge).
Lastly, four questions gauged the socioeconomic information of the respondents, including age, sex, personal monthly income, and level of education. To level out differences in income level between Hong Kong and Macao, measures of personal monthly income were transformed into z-scores. To account for the unidentified variations between the two places, a dummy variable was created, which is notated as "1" for Hong Kong and "0" for Macao.
Model estimation
Adaptation practice was used as a dependent variable, represented by the mean scores of the 16 items measuring the four types of behavioral strategies illustrated in Table 1 . The ordinary least squares (OLS) regression was used in the analysis. The OLS model is specified as:
where y i indicates the mean score of the behavioral items, which was modeled as a linear function of explanatory variables. α is the intercept. β is a vector of regression coefficients.
x ji… x wi denotes explanatory variables, which include attributes of social capital and sense of place, business characteristics, level of economic damage, and the respondent's socioeconomic characteristics j...w. ε i is the error term.
In addition, a probit model was estimated for each activity or strategy in order to determine the impacts of explanatory variables on individual items. The dependent variable was a discrete value representing whether or not an action had been taken. The model is specified as:
where p(y i )represents the probability of the respondent having performed a given activity or strategy (1) or not (0). All other variables are as defined in Eq. 1.
Study areas
The study was conducted in two Special Administrative Regions (SAR) of China, namely, Hong Kong and Macao. According to the Hong Kong Observatory, in the rest of the twentyfirst century, the frequency and intensity of sea flooding directly affecting the city's low-lying communities, driven by storm surges, are likely to increase, and even ordinary spring tides would be sufficient to bring sea flooding to these low-lying areas, regardless of typhoons (Lee et al. 2010) . We selected three of these communities that will experience greater impacts of climate change than other built-up areas of the city, namely, Tai O, Cheung Chau, and Peng Chau (Fig. 1) .
Tai O is a low-lying small town located at the southwestern end of Hong Kong, with a population of 3283 in 2016 (Census and Statistics Department 2017). The main attractions of Tai O's tourism-driven economy include a variety of ecologically sensitive habitats, the fishing village environment, the iconic stilt houses, and a collection of vernacular architectures. Main streets are compact and full of shops selling traditional salted seafood, souvenirs, and snacks. Many of them are located in proximity to the sea and the Tai O creek, which bring floodwaters when typhoons and high tides come at the same time.
Typhoons and intense precipitation resulted in two extreme storm surge events in 2008 and 2017. Typhoon Hagupit swept Tai O on 23 September 2008. More than 200 premises were cut off electricity supply, and many residents reported significant damage on properties (Environment Bureau 2015) . Rising by 4.91 m above mean sea level (MSL), the 2008 storm surge was believed to be a 1-in-50-year event . The second storm surge event was triggered by Super Typhoon Hato. On 23 August 2017, Hong Kong raised its tropical cyclone signal to the highest category. Hato brought record-high sea levels to the coast of Pearl River Estuary, where Tai O is situated. Maximum storm surge height was slightly below 2 m (Takagi et al. 2018 ). Half of the local shops recorded significant losses and were forced to shut down, due to the severe inundation of inventories, fridges, and other properties and equipment essential to business operation (Next Magazine 2017).
Cheung Chau and Peng Chau are outlying islands with 20,956 and 5480 inhabitants respectively (Census and Statistics Department 2017). They are popular tourist destinations; Cheung Chau offers a combination of sandy beaches, B&Bs, cultural heritage, shops, and seafood restaurants, whereas Peng Chau is smaller in land area but known for its natural landscape and vintage architectures dating back to mid-twentieth century. Both of them are at risk of typhoons. The central part of Cheung Chau, where most houses, shops, and beaches are located, is a low strip of land along the coastline, exposing itself to storm surges. Huge waves induced by Typhoon Hagupit damaged an embankment in front of a row of houses in Cheung Chau, forcing more than 100 residents to evacuate. With a similar geography, the low-lying Peng Chau also experienced severe coastal flooding when Hagupit devastated Hong Kong in 2008.
The three coastal communities were selected for this study because of their large proportion of tourism-oriented community businesses and exposure to increasing risks of storm surges. To obtain a higher degree of variation in key measures, particularly those of social capital and sense of place, we also surveyed community businesses in Macao, another member of the Pearl River Delta region severely devastated by Typhoon Hato.
Macao has an area of 30.5 km 2 and is composed of Macao Peninsula, Taipa, and Coloane. The highly compact city was inhabited by 650,834 people in 2016. The majority of them (84.9%) reside in Macao Peninsula at a population density of 55,752 persons/km 2 (Fig. 1 ) (Statistics and Census Service 2017). As a former Portuguese colony with its casinos and other forms of gaming legalized in early 1960s (Sheng and Gu 2018) , Macao has a diversity of attractions, particularly a range of casino-oriented resorts and associated recreational facilities, and the Historic Center of Macao which is a UNESCO world heritage site. The reliance of the Macao economy on tourism is evidenced by the fact that, in 2017, 29.3% of total GDP and 27.6% of total employment were directly driven by travel and tourism (World Travel and Tourism Council 2018).
As a high-density city located at the west bank of the Pearl River Estuary, Macao is highly vulnerable to extreme weather. Storms and flooding are the greatest threats. On 23 August (Ng 2017) . The maximum storm surge height reached nearly 2.5 m along the coast of Macao, and there was evidence of a 2.25-m inundation in downtown Macao (Takagi et al. 2018) . The extreme weather event was regarded as the most severe one that Macao had encountered in more than 50 years (Ng 2017) . The Macao economy recorded an estimated loss of 11.47 billion patacas (approx. US$1.42 billion), which amounted to approximately 2.8% of GDP in 2017. Small and medium enterprises alone suffered a loss of 3.63 billion patacas (approx. US$44.9 million) (Government Information Bureau 2017). Most of them are found in Macao Peninsula, particularly in the Inner Harbor region.
Face-to-face interviews
For this study, we interviewed individuals who were operating a community business in the study areas. We focused on micro-and small enterprises that primarily serve the local communities. According to an official definition, a non-manufacturing small and mediumsized enterprise is any business that employs fewer than 50 persons, whereas micro-enterprises are those that employ fewer than 10 persons (So 2012). The majority of those involved in this study have less than 20 staff members.
A team of research assistants was recruited by a public university in Hong Kong and deployed to Tai O, Cheung Chau, and Peng Chau during the second half of 2016. There are approximately 130-140 community businesses in Tai O. The research team invited all of those who were present on the days of visit to participate in a short interview using the structured questionnaire. All respondents were owners or operators of community businesses who were involved in everyday business decision-making and developing strategies for reducing losses in the event of extreme weather. The team visited 113 establishments or shops and collected 75 completed questionnaires. Many of these who declined to participate were older individuals or sole owner-operators who did not have another staff in store. There was a maximum of one interview per establishment, which lasted for 20 min each on average. The same approach was used in Cheung Chau and Peng Chau. We made 70 requests and successfully collected 41 effective responses. The overall response rate was 63%.
The survey in Macao was conducted between December 2017 and February 2018 by another team of research assistants overseen by a public university in Macao. It was administered at the area around the Inner Harbor region (mainly in the St. Lawrence Church and St. Anthony's Parishes), which suffered the greatest impacts of Typhoon Hato. This area covers a total of 12 streets and lanes, where many small grocery stores and local shops are located. Owners or operators of community businesses here were invited to participate in the research by completing a short interview lasting for approximately 15 min using same questionnaire (with minor modifications to account for local circumstances). We made 212 requests and collected 169 completed questionnaires. The response rate was 80%. There are 285 cases in the combined sample.
Results
The sample
Table 2 displays the demographic information about the sample. Half of the 285 respondents (52.9%) were aged or middle-aged (40 or older) individuals. Only one-fifth (20.4%) completed a university degree. Females (54.4%) outnumbered males (45.6%) by a small margin. The personal monthly incomes appear to be normally distributed. One-fifth of respondents (20.4%) fell within the range of $10,000-$14,999 (approximately US$1274-1911), and fewer along the two tails (the exchange rate for Hong Kong and Macao currencies is very close to 1.0). The breakdown of the sample across the two study areas is shown in Appendix (Table A1 ). The Macao sub-sample, which was solicited from urban locations, has a higher proportion of respondents who were younger, better educated, and better off than the Hong Kong subsample, thus providing adequate variations in the scale. There was no attempt to match the sub-samples with population statistics because all respondents were business owners or operators rather than the general public. Table 3 shows a list of adaptation activities or strategies and their mean scores. The response distribution can be found in Appendix (Table A2 ). Mobility-enhancing strategies were more commonly adopted than other strategies. Approximately 70% of the respondents had developed plans for work arrangements, personnel evacuations, and removing key supplies from the hazard area. Pooling resources and information was equally prevalent. Approximately 60-70% of the respondents had discussed or shared information about weather and emergency arrangements with people around. Sharing supplies and labor was also a common practice. Respondents appeared to have difficulties in formulating risk transferring strategies. Less than 30% of them had acquired relevant insurance coverage, obtained back-up power (e.g., an emergency generator), and stored sandbags. Concerning diversification, over half of the respondents had stored supplies at different locations to reduce potential losses, but very few of them (less than 25%) secured productive assets or revenue streams outside the study area. Including unpaid family workers, individuals not in working population, and those who declined to answer These items formed a scale representing the adaptation practice and yielded a Cronbach's alpha of 0.71, thus indicating an acceptable level of scale reliability. The average value was 0.91 (ranging from 0 to 2). The Shapiro-Wilk test of normality was performed for this scale. The null hypothesis was not rejected (0.990, p > 0.05), meaning that the scale demonstrated a normal distribution. All adaptation practice items (A1-A16) were measured on a three-point scale. Higher values denote better preparation for extreme weather. All other items were measured on a five-point scale. Higher values denote greater expectation (E1-E3), better relationship (R1-R2), higher level of trust (T1-T3), and stronger sense of place (S1-S8). S7 and S8 were reverse coded. Four placement attachment variables were removed, due to a methodological issue (explained in Section 5.4)
Dependent variable
Explanatory variables
The mean scores of items for social capital and sense of place were all measured on a fivepoint scale and are displayed in Table 3 (details in Appendix Tables A3-A6 ). The majority of the respondents expressed some social-normative considerations. More than 70% believed that they were expected by their family and friends to prepare for extreme weather. Fewer (70.5%) suggested that such an expectation would come from other members of the community. The three-item scale produced a Cronbach's alpha of 0.83. As usually expected, the strength of social ties varies according to the type of relationship. Nearly 93% had "good" or "very good" relationships with their family. The number went down slightly to approximately 83.1% when friends were concerned. Fewer (75.1%) made the same evaluations for their neighborhood relationship. The highest mean score was 4.42 whereas the lowest was 3.97. The Cronbach's alpha of 0.72 suggests that the three-item scale was reliable.
The three items on institutional trust revealed a modest level of division among the respondents. Less than 30% of them "probably" or "definitely" trusted that the government and the local council would actively help residents reduce the impacts of extreme weather, whereas more than 40% indicated trust in community organizations. The mean scores ranged from 2.82 to 3.24. The three-item scale yielded a Cronbach's alpha of 0.80.
The mean scores of sense of place fell between 2.85 and 3.35. The proportion of respondents who considered the study area as representing themselves fell between 25 and 45%. More than 25% indicated an agreement on three statements that addressed the cognitive dimensions of place (place identity). Approximately 30-45% of respondents revealed a higher degree of place dependence. The Cronbach's alpha of the combined scale was 0.79.
The average values of the four variables mentioned above ranged from 2.98 to 4.20 (Table 4 ). The community network variable, which was measured on a six-point scale, achieved a mean score of 4.10, thus suggesting that the average respondent could name 50 to 69 people in their community. Table 4 also includes firm-level variables. Twenty-six percent of the respondents operated a capital-intensive business that is highly vulnerable to inundation (e.g., a restaurant, bakery, or repair and maintenance store). The value of capital mobility was close to 3, meaning that the average respondent had 50-70% of their goods and inventories that could be removed from the hazard area in the event of inundation. Most of respondents operated a micro-enterprise with 1-3 full-time staff members (or equivalent). The economic damage recorded during the last extreme weather event was mild-significant (3.31).
Regression
The regression analysis included all of the survey items described above and was performed using Stata/IC v.15. Results are presented in Table 5 . The value of the adjusted R 2 suggests that the model explained 29% of the variation in the dependent variable. Missing values (mainly in personal income) reduced the number of observations to 241. Removing the income variable did not change the pattern of effects. The current sample size gave us a reasonable chance (0.95) of detecting a medium effect size of 0.15 given a conventional level of alpha (0.05) and 14 predictors. The variance inflation factors fell below the conventional rule of thumb of 5, and the values of tolerance reached above 0.20, thus clearing any concerns about multicollinearity among the predictors. The model was also tested for the common method bias, and significant results were found for place attachment variables. 1 As the scale was statistically flawed, these place attachment variables were not included in the regression model. Table 5 shows that six independent variables had significant impacts on adaptation practice. Social expectations were positively associated with action, whereas social relationships, surprisingly, ran in the opposite direction. This suggests that those business owners or operators who experienced greater social expectations and poorer relationships with other social actors were more likely to adopt measures that could enhance their resilience to extreme weather. The network and trust dimensions of social capital and sense of place did not vary with the dependent variable.
Two firm-level variables achieved statistical significance. The tendency for undertaking adaptation practice increased with capital mobility (indicated by a negative sign) and the size of the business. It is noteworthy that the level of economic damage experienced in the last flooding event did not prompt action. Two demographic characteristics, namely, sex and income, were significantly associated with the dependent variable. Females and higherincome individuals were more likely to make preparation for extreme weather. Age (60 or older) and post-secondary qualification were poor predictors.
The results of the probit regression for each of the 16 adaptation items are shown in Appendix (Tables A7 and A8 ). To reduce the amount of information presented, only marginal effects are reported and other estimates are omitted. Marginal effects are interpreted in terms of a percentage change in the likelihood of reporting the dependent variable outcome for a one- Dependent variable: adaptation practice *** and ** denote significance at 0.01 and 0.05 levels respectively unit or discrete change in the independent variable. The results show that social expectations were associated with many adaptation items, particularly those concerning mobility and common pooling. The negative impacts of social relationships were limited to those items related to the storage and management of supplies. While institutional trust did not change with the aggregate scale, it was positively associated with those items related to the storage and management of supplies, which pointed in the opposite direction as social relationships. Sense of place was associated with business diversification only. The effects of business type and capital mobility were scattered. The implications of business size were more consistent and clearer, particularly for those items related to risk transferring and diversification. Demographic variables presented a mixed picture. Sex lost its explanatory power in these probit models, while education managed to create some impacts. Income only predicted the likelihood of adopting two diversification strategies.
Discussion
This study ascertained whether the tendency for adopting adaptation strategies would increase if the social capital and sense of place among members of the community were strong. Some attributes of social capital (H 2 and H 3 ) demonstrated a statistically significant relationship, whereas some others, such as network (H 1 ) and trust (H 4 ), did not. The effects of social norms were particularly clear. Micro-and small enterprises are more likely to adopt adaptation strategies when their owners or operators perceive a higher level of expectation from people around them, thus supporting H 2 . This is broadly consistent with findings from other similar studies focusing on individuals. In our survey, the questions that probed the level of social expectation are similar to the ways in which "subjective norms" are operationalized by Ajzen (1991), p. 195) under the theory of planned behavior, which suggests that a measure of subjective norms is usually obtained by "asking respondents to rate the extent to which "important others" would approve or disapprove of their performing a given behaviour." Such a social-psychological perspective has previously been used to explain different forms of environmental behaviors (Cheung et al. 2017; Lo et al. 2012) . The present study emphasizes and shows that the adaptation practice of micro-and small enterprises can be understood in similar terms. Because of their very small size and simple structure, everyday decisions within these enterprises are often made by a handful of individuals, sometimes from the same family, and resolved through informal channels. The organization of the means of production highly depends upon the private resources and networks of these individuals and the informal institutions to which they can access-more so than the larger enterprises. This implies that small community businesses are situated at the interface of the firm and individual or household domains. Hybrid conceptual models, such as the Sustainable Family Business Model (Danes et al. 2008; Stafford et al. 1999) , can offer a more solid basis for identifying factors influencing small business vulnerability and resilience to extreme weather than those drawn upon case studies of larger enterprises (Berkhout et al. 2006; Linnenluecke et al. 2011 Linnenluecke et al. , 2013 . The scale at which micro-are small enterprises are defined and conceptualized in the study of vulnerability and resilience therefore warrants reconsideration in light of their underlying social mechanisms.
Nonetheless, an analytical approach that recognizes the embeddedness of business decision makers into the society is no substitute for firm-based approaches, which give higher weights to organizational and strategic factors (Rose 2007; Linnenluecke et al. 2011 Linnenluecke et al. , 2013 . Despite not being the main focus of this study, some firm-level variables are found to be significant predictors of adaptation practice. Resource and operational constraints remain key factors shaping the capacity to adapt. More importantly, this analytical approach does not demonstrate consistent results. As discussed in Section 2.2, although existing studies have incorporated elements of such perspectives into their analyses (Biggs 2011; Biggs et al. 2012; Marshall et al. 2012 Marshall et al. , 2013 Graveline and Gremont 2017) , the measures of social dimensions are incomplete, thereby making their findings inconclusive. The present study enlisted a wider range of attributes of social capital and sense of place.
Our earlier study indicates that the social relationship variable increased with the tendency for adopting adaptation measures (Lo et al. 2015 (Lo et al. , 2016 Lo and Chan, 2017; Liu et al., 2018) , but the present study shows a different picture. While the negative association between social relationships and adaptation practice does not confirm H 3 , it can be understood in terms of "moral hazard," a situation in which individuals prepare less for disasters knowing or believing that they are protected by other parties against that risk or entitled to compensations or relief, thus increasing the risk they face (Kriesel and Landry 2004; Raschky et al. 2013) . Having a good relationship with people who are able to offer critical in-kind or financial support in the event of a crisis might create perverse incentives for less preparation for disasters. The moral hazard effects tend to be more salient on those practices that consume tangible resources that could be obtained from other people, such as sandbags and storage spaces. In fact, the negative impacts detected were limited to these items, as shown in Tables 8 and 9, rather than those involving resource pooling and capital investments. Evidence from the UK also shows that the social networks of elderly people could perpetuate narratives of independence, capability, and resilience and consequently contribute to their vulnerability to heat waves rather than ameliorating it (Wolf et al. 2010 ). This echoes the view of Pelling (2011) and Aldrich (2012) that some aspects of social capital exacerbate rather than reduce vulnerability. A new insight drawn from our study is that better social relationships could undermine the motivation to manage disaster risks by possibly creating a premature sense of protection.
The results do not support H 5 , rendering the role of sense of place uncertain. A possible reason is that most of the existing studies exploring aspects of place focus on their implications for migration, relocation, or managed retreat as a strategy for adapting to climate change (Petzold 2017; Adger et al. 2011; Marshall et al. 2012) . Other strategies that do not involve perpetual displacement of home or community are less predisposed to the influence of place considerations. Nonetheless, a strong sense of place could also trigger action to avoid unsettling feelings by preventing or minimizing place loss, thus promoting resilience (Devine-Wright 2013). Such action might include measures for protecting one's home or shop in situ. The failure to detect any relationship between the sense of place and adaptation practice begs for alternatives to Marshall et al.'s (2012, p. 7) argument that "for change events that do not involve moving locations, place attachment is likely to be a positive influence on adaptation." It is worthwhile to review the presumption of a linear relationship and explore the factors that mediate place and adaptation, as Frank et al. (2011) and Lo (2013) have argued.
The study responded to the call of Marshall et al. (2015) and Graveline and Gremont (2017) to put greater emphasis on the individual-level characteristics of micro-and small enterprises that are exposed to the impacts of extreme weather and climate change. Since these enterprises rely heavily on a very small team of people (as owners or operators) for human capital and network resources, they respond to the same social dynamics as do these individuals. Social influences and processes are therefore likely to play a critical role in their response to extreme weather and climate change. While the conventional approaches focus on the parameters of business operations, such as the vulnerability of suppliers, customers, capital, and labor (Zhang et al. 2009 ), we suggest that studies of community businesses' resilience should explicitly recognize that these enterprises are situated at the interface of the firm and individual or household domains. This entails scholarly inquiries into the adaptation practice of community businesses to engage with the social and cultural dimensions of climate change (Marshall et al. 2012; Parsons et al. 2018) . Crossing the firm-individual boundaries is needed in this context.
Conclusions
This study is one of the first attempts to analyze community businesses' resilience in terms of the different dimensions of social capital and place. It is based on a structured survey of more than 200 community businesses at various hazard-prone locations in Hong Kong and Macao, China. We identified key predictors of community businesses' adaptative practice from a list of firm-level and individual-level variables and, in particular, examined the importance of social factors. The results provided mixed evidence to the hypothesis that action is more likely to be taken when social capital is strong.
The results of the survey provide support to the call for integrating human dimensions into the analysis of business adaptation to climate change. Several policy recommendations can be made in this light:
& Recognize the social dimensions of small businesses' rationality in their adaptation and hazard adjustment (Lo and Cheung 2016) , & Strengthen the engagement of micro-and small enterprises with community-based adaptation through formal and informal social institutions (Parsons et al. 2018) , & Account for the effects of moral hazard by providing incentives for self-insurance, such as subsidizing the installation of flood walls at doorstep (Chan et al. 2013) , and & Provide additional support to smaller community businesses, which are less likely to adopt adaptation measures due to resource constraints (Reynolds 2013; Zhang et al. 2009 ).
Mobilizing social capital is a promising way to engage individuals in hazard risk mitigation and climate change adaptation. Hazard risk managers in the major cities of China, where our study was conducted, should give higher priority to strengthening people's social networks and their engagement with the local community as a means to improve the community's preparedness for natural hazards (Wang et al. 2012) . Our study provides empirical support to this view by demonstrating that some components of social capital, particularly social expectations, have significant positive impacts on the adaptation practice of community businesses. Nevertheless, the results also raise questions about the role of other components, such as social relationship, and the sense of place, calling for further research into their possible adverse effects and mediating factors.
